Abstract-Students usually love games. They captivate their attention and hold it for lengthy periods of time. Educational systems have taken advantage of this fact and have used games in education for many years. However, teachers cannot create their own games as easily as they create other learning objects. A tool to assist this labor would be very useful for them. In this paper, we present NICE-Game, an innovative game-like educational content creation tool. It is divided into two modules, the builder to create the games and the viewer to play them. With NICEGame, different kinds of educational contents (i.e. images, videos, texts) can be easily integrated into a game. Using personal handheld devices is a growing trend among students, hence multi-platform and multi-device issues have been also considered in this implementation. Details about the design, development and the tool itself are explained in this paper as well as an example of an educational game available online.
INTRODUCTION
Teachers always try to increase students' motivation and the quality of the learning experience. With this same purpose, learning tools and methodologies are improved every day. They can benefit from the increasing popularity of video games and the spreading of personal devices such as smartphones and tablets, introducing video games in learning in order to motivate students and train specific competences.
Educational video games can be really improved with the introduction of new technologies. But the development costs are very high (even higher if we consider the opportunity costs of developing another kind of video game) and teachers or learning centers usually cannot afford it. Therefore, teachers usually have to resort to existing games. However, most of them are focused on specific topics that cannot be reused to explain in other academic subjects. The type of educational content used in the game (e.g. video, images or audios) or the content´s language are important parts of the game that need to be adequate for students bearing in mind their context (e.g. age, gender, etc.). This is the main problem that we found when started to create an educational game for the GLOBAL excursion (Extended Curriculum for Science Infrastructure Online) European project (http://www.globalexcursion-project.eu/).
GLOBAL excursion [1] is a supporting action funded by the European Commission under the Research and Innovation
Infrastructures programme of FP7. The project will develop a common understanding, teaching use cases, as well as pedagogical and technical artifacts. The aim of this project is to provide young citizens and their educators (teachers, parents, etc.) across Europe with a range of e-Infrastructures and access to expert knowledge on its usage for a joyful exploration of eScience through e-Infrastructure.
The main purpose of the GLOBAL excursion project is to enable students and teachers access to the experimental laboratories and resources of selected e-Infrastructures in order to improve science curricula by enriching school's existing teaching and learning materials.
In this paper we explain how this problem was tacked in GLOBAL excursion.
With details about the design, architecture and development issues of the solution proposed. The rest of the paper is organized as follows. The next section reviews the state of the art in educational games. Section 3 explains our solution. Section 4 presents the results showing some captures of a game. In section 5 we discuss the issues that arose and section 6 finishes with some conclusions and future work.
II. RELATED WORK
The usage of games in education is a growing trend in recent years. Educational games have potential to improve students' motivation [2] [3], promote self-directed learning [4] and develop social and cognitive skills [5] [6].
The potential for educators to become involved in the development of educational games is substantial [6] . Interesting initiatives are providing frameworks to develop adaptive educational games, where teachers can create and evaluate their own games and simulations from scratch. Like those provided by e-ucm (www.e-ucm.es), a research group from Complutense University of Madrid, with several related projects and research lines like Game·Tel [7] and e-Training DS [8] .
There are other commercial software packages available that make it easier to create computer games, replacing part of the programming by mechanism in which games are constructed from simple building blocks. Examples are StageCast (www.stagecast.com) that is particularly aimed at young kids or the products by ClickTeam (www.clickteam.com) or Game Maker [9] .
On the other hand, mobile learning or m-learning is another interesting approach in Technology-Enhanced Learning (TEL). M-learning is defined as the provision of education and training on mobile devices [10] . The combination of mlearning and game-based learning can improve the attractiveness of the educational activities, promoting collaboration and competition between students or improving the immersion in games. As a result that combination offers new opportunities and scenarios for learning [11] .
As smartphones and tablets come into play, m-learning and game-based learning have a great opportunity to reach a wider audience. Smartphones penetration rates are already very high in some countries and they are a growing trend in some others [12] , [13] . Tablets penetrations are lower, but growth is promising [14] .
With all these issues in mind, we have designed a web tool to introduce educational contents into games. Our main goal is to allow educators to choose the design of the game, introduce the educational content and customize the game story. The created game will have also to run on multiple devices such as smartphones or tablets.
III. NICE-GAME: NATURAL INTEGRATION OF CONTENT AND EDUCATION IN A GAME
A. Scenario and Architecture NICE-Game is a web tool to integrate educational content into simple games. It can be divided into two sub-tools: one to create the game (i.e. Game Builder) and one to visualize the generated games (i.e. Game Viewer).
The content types that can be integrated in the game are texts, images and videos. Considering the combination of these types of contents, like with classroom presentations, the teacher (or game creator) will be able to generate very interesting and amusing lessons. Different games can be created for different targets depending on the pupils' age, the topic to be addressed or the time that the teacher wants to dedicate to create the game.
Teachers will be able to choose the content from a pool of educational contents available in the NICE-Game platform. They will also be able to upload their own content or indicate the content URL in case it is hosted in another site. So with the combination of the three kinds of content, they can create enhanced educational games.
In the initial phase of our scenario related to the GLOBAL excursion European project, the available content will be provided by the scientific infrastructures participating in the project. But as more teachers join the platform, this content will be increased.
Once the game has been created it can be accessed from any kind of modern device, either tablet, smartphone or laptop/desktop computer. Even televisions when they have web browsers will be able to execute these games (although maybe we will have to change the interaction mode to adapt it to the television interface). In addition, the game viewer can be easily integrated in any kind of learning management system (LMS) such as Moodle or Blackboard, as it is visualized in a browser. Figure 1 illustrates the NICE-Game architecture composed by several modules that are going to be described in detail in the next sections.
B. Game Builder
Once a user (usually a teacher) registers and logs into the platform, she/he will be able to create a game. The process of game creation is divided into three phases. In the first phase the user have to select the game levels and in the second and third phase she/he can customize the points of interest (POIs) and non-playing characters (NPCs) of each level.
1) Selection of the game levels
The first phase consists of selecting the game levels. The builder currently offers several screenshots to choose, each of them with a different design (e.g. library, laboratory, nature, etc.). The selected levels have to be dragged to the final positions. In every level the player starts in the left side and enters the next level in the right side (see figure 2) . The way we achieve this phase is one of the main differences between our solution and another solutions presented in the related work section. In some frameworks, teachers have to upload the background images and the characters with all the movements. The resulting game is usually very poor or requires a lot of work and design knowledge from the teacher side.
Game design is a very complex task [15] , [16] and with this phase we try to avoid teachers to worry about it. They only have to select a scenario among a growing number of them.
2) Adding POIs and NPCs
In the second phase the user will be able to add interactive objects (POIs or NPCs) to the game and place them where desired. Some scenarios have more default decorations and more free space than others (see figure 3) . 
3) Add educational content
The final phase is focused on adding the educational content and write dialogues and multiple choice questions.
Three possibilities exist to add content:
• Select among the public content available in the platform.
• Upload new educational objects (that will automatically become available for the rest of the users).
• Write a URL pointing to the content hosted in another server. Together with the educational content a mission can be defined as an educational objective that has to be consumed by the student (e.g. study the presentation at the blackboard to learn things about the biology of the lynx). These missions will give points to the student and unlock new scenarios (if they exist) so as to motivate her/him to complete the whole game. As a result, the teacher has to define not only the mission itself, but also the score related to every mission in this phase (see figure 4 ).
C. Game Viewer
The game viewer is a component that allows the integration of the educational game in any modern device browser. It works offline, as there is no interaction with the server during game playing time.
The main difference here is about the player controls. In the laptop or desktop computer, the character is controlled with the keyboard, whereas in touch screens there is a virtual pad.
As the game viewer works in the device browser and there is no need to install anything on the user's device, it can be integrated in any LMS or web page as any other external web resource.
After loading the game, the user gets some welcome screens that explain how it works, how to move the character (depending on the device used) and how to interact with other objects (POIs) and characters (NPCs).
Then, while playing the game, the user gets points when progressing with the educational contents related to the missions defined. By using this scoring method, we try to increase the user motivation and amusement. There is also available a missions´ panel that indicates what the user has done/viewed, and what remains undone to guide her/him through the game.
D. Implementation: Technological Decisions
The technology that we have used to develop this solution is HTML5 (HyperText Markup Language, version 5 [17] ). HTML5 is the standard for the web. This new version allows many new possibilities like game developing based on the canvas, geolocation or device multimedia access between many others.
The main advantage of HMTL5 is that it is standard and any modern browser runs it. So what is developed in HTML5 can be executed in any device with a browser in it (even new televisions and car entertainment systems are starting to include a browser in them). Any server technology is compatible with HTML5. In our case we have used Ruby on Rails. The server hosts the game builder, the generated games and the game viewer.
For the game builder, the server has a pool of educational resources stored in the GLOBAL excursion platform. It also allows the user to upload new objects (that will be automatically stored in the platform) or reference them via their URL. Once the game is created, the server stores the game generated, which definition is now based on JSON (JavaScript Object Notation). This JSON object contains all the information about the game levels, the POIs and NPCs and has references to the educational objects as absolute URLs.
For the viewer, the server will only have to send the files related to the game to the user to be shown in the user's device browser. As we have commented above, the game viewer can be integrated in any educational platform as web content in order to allow reusability in different contexts.
IV. RESULTS
NICE-Game has been developed in relation with the GLOBAL excursion European project. GLOBAL excursion has developed a platform called Virtual Science Hub (ViSH) to host all the activities carried out by the teachers and researchers in the project and to foster collaboration between them.
The initial fields covered in the project are nanoscience, biology, biotechnology, volunteer computing and grid computing. To enhance the students´ interests and make this topics enjoyable and amusing for them, a new kind of complex learning objects called virtual excursions have been defined. These virtual excursions are created by the teachers and consumed by their students, and NICE-Game is one of the possible types.
As a result, the architecture depicted in Figure 1 has been implemented and deployed inside the GLOBAL excursion project. Therefore, to create a virtual excursion the teachers have to follow the steps described in section 3 and select among educational contents hosted in ViSH.
An example (available at [18] ) of a generated game can be seen in the figures 5 and 6. The scenario is related to a biology use case in which the students will learn about the Iberian lynx that lives in the Spanish Doñana Park. Doñana Biological Station [19] is one of the selected e-Infrasctructures that collaborates in the GLOBAL project providing information about the activities, fauna and flora related to the park. In Figure 5 , we can see the nature scenario of a very simple generated game in which the player is interacting with a POI (i.e. an information point). There is also one NPC (a farmer in the middle) and a path to a next phase in the right. In figure 6 there is another NPC that is making a question to the player related to the knowledge acquired in the previous phase.
Furthermore, as we can see in all the figures, there is a scoreboard in the upper right corner informing about the points that the student has won by completing the game missions.
V. DISCUSSION
Designing a new model to create educational games in a proper and easy way considering aforementioned issues was our first priority. It has been based on taking important decisions related to the design and the technologies used.
The first one was about letting users upload images to be used as scenario maps or providing pre-designed scenarios. We decided to keep it simple by providing these pre-designed scenarios, allowing the teachers to concentrate their efforts on choosing the most suitable educational contents. This way, we eliminated a usability barrier and the resulting games look more professional as we avoid teachers from designing their own characters, elements and scenarios.
On the other hand, the way to add dialogues was also very controversial. Some existing tools allow the user to create a workflow with the possible dialogues. This way they create interactive dialogues with conditions where the player can choose options. From these complex workflows we only took the possibility of making multiple choice questions, as we consider them enough to assess what the students have learned in the majority of cases.
Finally, the technology chosen (i.e. HTML5) has numerous advantages as we have summarized above, but it also has some objections. The most important related to our use case is that we cannot integrate any flash object (e.g. videos) with it. Hopefully the number of HTML5 videos and educational objects are growing day by day in the Internet, and it is becoming a less important issue.
VI. CONCLUSION AND FUTURE WORK
In this paper we have presented NICE-Game, an innovative model to generate educational games based on integrating learning objects inside a game scenario that is built in an easy way by teachers. We have shown an innovative way of doing it using current web technologies like HTML5 or JSON, so as to make possible running both, the game builder and the viewer, in different platforms (e.g. Windows, Linux, etc.) and devices (e.g. desktop computers, smartphones, tablets, etc.).
This tool is being used now in the GLOBAL excursion project by its integration in the ViSH web platform. It is being evaluated now by teachers involved in the project and after that it will be released as open source tool and opened to the teaching community.
We have presented in this paper the first version of NICEGame so there any many future works that we have considered.
The first functionality that we would like to add is about allowing teachers to get the students´ results of the questions in the game. This way they can use the game as an assessment method to check if the pupils have read the contents and viewed the videos and images.
Another interesting functionality to consider would be letting students to customize their characters (clothes, hair and skin colors, etc.) or involve them even more in the story in order to increase their motivation.
Exporting the game to educational standard formats such as SCORM and LOM will also be considered to facilitate the teachers the integration with their LMS corresponding to their specific institution.
An additional open issue to study is related to the number of resources hosted in the platform since it can be very high, and become higher with time (because when new researchers and teachers join ViSH, they will upload new resources from their institution). Recommendation of suitable learning objects to build the virtual excursions will be very important here to increase personalization and accuracy. This will make easier for teachers to select the most suitable learning objects depending on the context and subject they want to teach. The final aim of this task would be to recommend directly a finished game to the teacher to use it with his/her students if it is related, for example, to the teacher's subjects.
